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ELECTRIC ENRKCy STORAGE DEVICE 

BACKCiROUND OF THE INVENTION 

FIELD OF INVENTION 

The present invention relates to an electric energy storage devtcc> more parlicLilariy, lo a 
capacitor of which internal electric resistance between elecirodes and their terminals is greatly 
reduced by increasing the contact arcu between the electrodes and terminals using irregular 
interfaces. 

DISCUSSION OF RELATED ART 

hiccrical energy can be stored in an electric energy storage device. TTie storage device such as 
a battery, an electrolytic condenser, a double-layered electric condenser or the like can 
supply an external load with the stored electric energy for operation. When the stored electrical 
energj' is applied by the electric energy storage device to the external load, ihe iimoiint of the 
electrical energy supplied greatly depends on the internal resistance of the storage device, I- ig. I A 
shows the Slacked electrodes of an electric energy storage device such as a capacitor according 
to the prior art, and Fig. IB shows a cylindrical electric energy storage device Ibrmed by 
rolling the device in Fig. 1 A» thus illustrating both the stacked and rolled electrodes. 

Fig. 2A shows the stacked electrodes of an electric energy storage device having a plurality uf 
terminals according to the prior art, and Fig. 2B shows a cylindrical electric energy storage 
device farmed by rolling the device in iMg. 2 A, thus illustrating both the slacked and roUet] 
electrodes. 

Referring ^o Fig. 1 A, an electrode body 1 10 includes a film type anode electrode 100, a filin lypc 
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cathode electrode 102, an anode terminal 104 connected to the anode electrode 100. and o 
cathode terminal 106 connected to the cathode electrode 102. The film type anode elccirodc 100 
and the film type cathode electrode 102 are stacked and isolated from each other by an insulaiing 
tllm (not shown in the drawing). 

fhe anode and cathode electrodes 100 and 102 are formed as films to store electrical t:nert;ry. 
[ he insulating layer inserted between the electrodes 100 and 102 isolates the anode eleclrndc 
1 00 from the cathode electrode 102. The anode terminal 104 is connected to the anode elccu'ode 
100 by welding or riveting, and the cathode terminal 106 is also connected to the cathode 
electrode 102 hy the same method. 

Referring Mg. IB, a cylindrical electric energy storage device 1 10 is obtained by rolling up the 
electrode body 1 10 having the above structure. 

The anode and cathode terminals 104 and 106 attached to thts anode and cathode electrodes 100 
and 102 protrude out of the electrode body 100 so as to transfer the electric energy to the 
external load. 

Another electric energy storage device having a pair of terminals connected to a plurality of 
corresponding lead wires, so as to reduce the internal electric resistance generated between 
terminals and relatively-long cleclrodeii, according to the prior aru will be explained by referring 
to I'igs, 2A and Figs. 2B. 

Referring to Fig. 2A, an electrode body 208 includes a film type anode electrode 200, a film type 
cathode electrode 202 stacked on the anode electrode 200, an insulating fi]m(not shown in the 
drawing) inserted between the anode and cathode electrodes 200 and 202, a first lo a third Iciu* 
wire 204a, 204b, and 204c connected to the anode electrode 200 by welding or riveting ai 
regular intervals, and a first to a third cathode lead wire 206a, 206b, and 206c connected to the 
cathode electrode 202 by welding or riveting at regular intervals. Namely, the tlrst u> third 
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anode and cathode lead wires 204a, 204b, 204c, 206a, 206b. and 206c are separated from one 
another at predetemnined intervals. 

A cylindrical electric energy storage device is provided by rolling up the electrode body 208 as 
shown in Fig. 2B, 

Referring to Fig. 2B, the first to third anode lead wires 204a, 204b, and 204c are coupled by 
welding them together. Then, the welded first to third anode lead wires are coniiecied lo im 
;)node lerminai 210 by welding. 

The first to third cathode lead wires 206a, 206b» and 206c are coupled by welding them 
together. Then, the welded first to third cathode lead wires are connected to a cathode 
terminal 212 by welding, 

l^hcrelbre, the first to third anode and catht)de lead wires 204a/204b/204c, and 206a/206b/206c 
are connected to the anode and cathode terminals 210 and 212, respectively. 
On the other hand, the first to third anode and cathode lead wires 204a, 204b, 204c;, 206a, 2()6b, 
and 206c can be connected to the corresponding lerminals 2 1 0 and 212 respectively by rive( joiius 
as well. 

Fig. 3 shows a regular polygon type electric energy storage device according to the prior art, 
illustrating its terminal connections. 

Referring to Fig, 3, a plurality of rectangular film type anode electrodes 300 and cathode 
electrodes 302 arc stacked alternatively, and a plurality of insulating films(noi shown in lliu 
drawing) are inserted between the anode and cathode films 300 and 302, respectively, A plurality 
of anode and cathode lead wires 308 and 3] 0 are formed by extending predetermined ends of ihc 
anode and cathode electrodes 300 and 302 so as to huddle up in different comers lu be coupled 
with an am>de terminal 304 and a cathode terminal 306, respectively. Namely, the lead wircii 3()« 
and 310 to be connected to the corresponding terminals may be built in bodies of the clednKle-s 
300 and 302. 
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In the abovti-structured electric energy storage device, the anode and cathode lead wires 308 and 
310 (if the anode and cathode electrodes 300 and 302 arc connected to the anode arid cuthodc 
terminals 304 and 306 by welding or riveting, 

Melhods of connecting a plurality of cells in an electric energy storage device by jointing anode 
and/or cathode terminals according to the related art will be explained as follows hy refcn-ing lo 
fig. 4 and Fig. 5. 

Fig. 4 shows a schematic view of an electric energy storage device using a multi-cell method 
according to the prior art, and Fig- 5 shows a scheraalic view of an electric energy storage device 
using a bipolai- method according to the prior art. 

Referring to f-ig. 4, anode and cathode temiinals + and - of a plurality of electrode bodies 4()0- \ , 
400-2, 400-3,.,, in an electric energy storage device are connected in series using lead wires 402 
or piate type conductors 402. 

iiefen-ing to Fig. 5, anode electrodes 500 are separated from cathode electrodes 502 by insulaiing 
layers 504 so as to connect in series a plurality of stacked electrode bodies in an electric enery- 
storage device. 

Unfortunately, the electric energy storage device according to the prior art, as sjiown in Mg. I a 
and iMg, 1 b, when the anode and cathode electrodes are connected by welding or riveting a single 
anode terminal and a single cathode terminal, fails to reduce the electrical resistance 
between the electrodes and terminals because the resistance is proportional to the length and 
inversely proportional to the contact area. 

In the electric energy storage device according to the prior art, as shown in Fig. 2a, Fig. 2b and 
Fig. 3, a plurality of lead wires are connected to the anode and cathode electrodes of the 
electrode body to increase the contact urea between the electrode body and ihc anode aiul 
cathode terminals by welding. The lead wires are again connected to the anode and cathode 
temiinals by welding or riv ting. 
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Thus, the electric energy storage device according to the prior art may somewhat r duce the 
electrical resistance between the electrodes and teiminaKs due to the reduced electrode length 
oJ^each terminal. Yet, the prior art requires more complicated fabrication method, ihcichy 
decreasing productivity. 

Moreover, the electric energy storage device according to the prior art has to connect the 
terminals to the lead wires one by one or stack the electrode bodies one on one with insulators 
therebetween when a plurality of storage cells are connected by the terminal connection method 
of the prior art. 

SUMMARY OF THE INVENTION 
Accordingly, the present invention is directed to an electric energy storage device thai 
substantially obviates one or more of the problems due to limitations and disadvantages of iJie 
prior art, 

The object of the present invention is to provide an electric energy storage device that reduces 
the internal electrical resistance between electrodes and their terminals by improving Ihc 
connections between the electrode body comprising anode and cathode electrodes and their 
respective anode/catliode terminals. 

Another object of the present invention is to provide an electric energy storage device of wliich 
serial connections between a plurality of storage cells is achieved with ease. 
Additional features and advantages of the invention will be set forth in the description which 
follows and in part will be apparent from the description, or may be learned by practice of the 
invention. The objectives and other advantages of the invention will be realised and attained by 
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the structure particularly pointed out in ihe written description and claims hereof as well as the 
appended drawingSi. 

To ach ievc these and other advantages and in accordance with the purpose oi'ihe prescni 
invention, as embodied and broadly described, the present invention, which is inserted in a 
housing charged with an electrolyte solution, includes at least one electrode body formed by 
rolling up art anode elecurode, a first insulating film, a cathode electrode and a second insulatin^ 
film, wherein a first protrusion of the anode electrotle protrudes from one end of the electrode 
body and a second protrusion of the caihode electrode protrudes from the other end ol'thc 
electrode body and wherein the first insulating film isolates the anode electrode from the cathode 
electrode e?ccept the first and second protrusions, an anode terminal connected to the firsl 
protrusion of the anode electrode wherein a first contact-extending part is formed at a bottom of 
the anode terminal, and a cathode terminal connected to the second protrusion of the cathode 
electrode wherein a second contact-extending part 1$ formed at a bottom of the cathode lemiintjj. 
Preferably, the device ftjrther includes a metal layer formed on surfaces of the first and second 
proliusions. 

Preferably, a pressure adjusting means such as a rubber packing is inserted between the housing 
and the anode and cathode terminals so as to maintain a predetermined constant pressure between 
the electrode body and the anode and cathode terminals. 

Prel'erably, inlets for injecting the electrolyte are foimed at each center of the anoJc and cathode 
terminals and wherein a plurality of grooves crossing each other are formed at the boilom 
surfaces of the anode and cathode terminals. 

It is to be understood that both the foregoing general description and the following detailed 
description are exemplary and explanatory and are intended to provide fijrther explanation of the 
invention as claimed. 
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BRIEF DESCRIP nON OF THE AITACHED DRAWINGS 
rhe accompanying drawings, which are included to provide a further understanding of the 
invcnlion aiid are incoTporated in and constitute a part of this application, illustrate embodiments 
of the inventing and together vAlh the description serve to explain the principle of the inveniion. 
In the drawl Jigs: 

Fig, 1 A shows tlie stacked electrodes of an electric energy storage device such as a capacitor 
iiccording to the prior art; 

Fig. IB shows a cylindrical electric energy storage device Ibrnaed by rolling the device in l-ig. 
lA; 

Fig. 2A shows the stacked electrodes of an electric energy storage device having a plurality 
temiinals according to the prior art; 

Fig. 2B shows a cylindrical electric energy storage device formed by rolling the device in My. 
2A. 

Fig, 3 shows a regular polygon type electric energy storage device accoixiing to the prior art; 

Fig, 4 shows a schematic view of an electric energy jitorage device using a multi-cell method 
according to a related art; 

Fig. 5 shows a schematic view of an electric energy storage device using a bipolar method 
according to the prior art; 

Fig. 6 shows the stacked electrodes in an electric energy storage device according U) iho 
piesent invention; 

Fig. 7 shows a cylindrical electric energy storage device according to the preseni invention; 
Fig. 8A shows a bottom view of the terminal in Fig, 7; 
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Fig. 8B shows a lateral cross-section of the tcrminaJ in I'ig. 8A; 

Fig. 9 shows a cross-seciional view of an electric energy storage device inserted in a housing 
according U) the present invention; 

iMg. 10 shows a lower part of a terminal having an electrolyte drift path, in an clct:iric energy 
stomge device according to the present invention; 

Fig- 1 1 A and Fig. 1 1 B show an electric energy storage device in which teminals are fomicd on 

the same lateral side of an electrode body according to the present invention; and 

Fig. 12 uhows serial connections of an electric energy storage device according u> the present 

invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMEN'l^ 
Reference will now be made in detail to the preferred embodiments of the present invention, 
examples of which ai^e illustrated in the accompanying drawings. 

Fig. 6 shows the stacked electrodes in an electric energy storage device acciirding to Ihe 
present invention. Fig. 7 shows a cylindrical electric energy storage device according to the 
present invention, F'ig, 8A shows a bottom view of the lern)iiml in Fig. 7. and l-ig. 8H shows a 
lateral cross-section of tlie terminal in Fig, 8A, 

Rcfcning to Fig, 6, an electrode body 610 includes a film type anode electrode 600, a first 
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insulating filnr^ 602. a film type cathode electrode 604. and a second insulating film 606. In ihis 
casc» the film type anode electrode 600, first insulating film 602, film type cathode electrode 60^. 
and second insulating film 606 are stacked in that order^ from lop to bottom. 
The anode electrode 600 and cathode electrode 604 are aligned to provide offset areas such ihin 
one end of the anode electrode 600 and the opposite end of the cathode elecirodc 
604protrudc out of the electrode body 610. 

The reason the anode and cathode electrodes 600 and 604 are stacked to provide Llie otTsei arciis is 
that an anode terminal 700 in Fig. 7 is to be contacted with one end of the anode electrode 600 
and that a cathode terminal 702 in Fig. 7 is to be connected to the other end of the 
cathode electrode 604 in the electrode body 610. 

In this emhodiment, the first insulating film 602 is formed to isolate the anode cathode 600 
from the cathode electrode 604 when stacking tlie films, while the second iniiujating film 606 is 
used for insulation between the anode and cathode electrodes 600 and 604 when rolling up ihc 
electrode body 610 to provide a roll type electrode body. 

Referring to Fig. 7, tlie electrode body 6 1 0 is rolled up to form a roll type electric energy storage 
device providing high capacity. Then, an anode terminal 700 a cathode terminal 702 are 
connected to one end and the other end, respectively, of the electrode body 6H) wlucli 
is rolled up. In this case, the anode and cathode terminals 700 and 702 are placed over the 
respective ends and then pressed mechanically with a predetermined force so as to be 
connected to the electrode body 61 0. 

In this case, the predetermined one end oi the electrode body 610 is the offset arcu oJ'lhe anode 
electrode 600 protruding out of the electrode body 6 10 to be connected to the anode terminal 700. 
while the other end of the electrode body 61 0 is the other ollsei area of the cathode electrode 604 
protruding out of the electrode body 6 1 0 to be connected to the cathode terminal 702. 
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The unode and cathode terminals 700 and 702 contacted by the above-mentioned method will be 
explained in detail by referring to Fig. 8A and Kig. 8B as; tbllows. 

Referring to Fig. 8a, the anode terminal 800 has a shape of« circle covering the entire Lop 
surface of the predetermined one end of the cylindrically-roJled electrode body 610. The bottom 
of the anode terminal 700 contacted with the anode electrode 600 has an uneven surface having a 
shape of a plurality of screw threads. Thus, a vertical cross-sectional view of the anode terminal 
700 is shown in Fig. 8b. 

Thccathode terminal 702 has the same configuration as the unode terminal 700. 
Thus, the bottoms of the anode and cathode terminals 700 and 702 of the electric energy sionigc 
device according to the present invention each have a plurality of thread-like 
imevennesses. Therefore, the contact areas between the anode and cathode terminals 700 and 702 
and ihe anode and cathode electrodes 600 and 604 are increased by the plurality of ihe 
unevennesses enabling contact witli the lateral sides of the otTsel areas of the rolled anode and 
cathode electrodes 600 and 604 even though the protruding ends of the electrode body 
610 might fail to be rolled up unifonnly. 

In the present embodiment, the anode and cathode terminals 700 and 702 may be made of the 

same material as the anode and cathode electrodes 60O and 604. For example, the anode termijiul 

and the cathode terminal are made of Al and Cu respectively in a lithium ion baticry using m A I 

foil having a stable characteristic on an oxidizing potential as an anode electrode and a Ou foil 

having a stable characteristic on a reducing potential as a cathode electrode. 

In a Ni-H batteiy using nickel or stainless steel showing a stable characteristic in an electrolyte 

solution, anode and cathode terminals are made of nickel or stainless steeL 

Further, the anode and cathode terminals 700 and 702 may be made of Al, stainless steeL 

Substitute Specification - 10 - (09/840,034)- 

Received (rom < 1 > at 7/7/03 7:19:19 PM [Eastern Daylight fime] 



Sent by: Konica Fax 9825 



07/07/03 7:25PM;#209; 



Page 21/45 



Ni, Cu or the like considering chemical stability, cost and the like. 

Moreover^ in the electric energy storage device according to the present invention, the an<uk and 
cathode terminals 700 and 702 can be connected to metal layers formed by plasmu or arc spray 
on the terminal contact areas of the anode and cathode electrodes 600 and 604 of the electrode 
body 6J0 so as to reduce resistance by increasing the contact areas between the anode ijnd 
cathode terminals 700 and 702 and electrodes 600 and 604, 

The electrode body 6l0 to which the terminals are connected by the above-described method is 
insen^Jtl into a housing, as shov^n in Fig. 9, thereby completing the electric energy storage device 
according to the present invention. 

Fig. 9 shows a cross-sectional view of an electric energy storage device inserted in a housing 
according to the present invention. 

ReJ erring to Kig. 9, an electrode body 906 to which the above-mentioned anode and cathode 
terminals 902 and 904 are connected is installed in a housing 900 made of metal, molding resin 
or the like. A pressure adjusting means 908 is placed between the housing 900 and the anode and 
cathode terminals 902 and 904, thereby buffering the pressure applied to the electrode body 906 
due to the anode and cathode terminals 902 and 904, In this case, the pnessure adjusting means 
908 may be made of an elastic rubber packing. And, the housing 900 is charged with iu\ 
electrolyte solution 910. 

When a liquid electrolyte solution 910 is used for the electric energy storage device, gases nia> 
be produced during operation. Ilie contact pressure between tJic electrode body 906 and the 
anode and/or cathode terminals 902 and/or 904 may vaiy because of housing expansion due to 
the increased temperature of the device itself or ambient conditions. Moreover, the cuniaci 
resistance between the electrode body 906 and the anode and/or cathode terminals 902 and/or 
904 may vary due to long-term use. 
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Therefore, ihe above-structured electric energy storing means keeps the contact pressure 
stable between the electrode body 906 and the anode or cathode terminal 902 or 906 because 
the elasticity of the rubber packing acts as a pressure adjusting means 908 to reduce the 
expansive (brce. 

Fig. 10 shows the bottom of a teiminal having an electrolyte drift path in an electric energ>' 
suirage device according to the present invention. 

Referring to I'ig. 10, a pair of cross type grooves 912 are formed on the bottom of a 
terminal having an electrolyte drift path in an electric energy storage device, 
in addition, a charging hole 914 for charging the housing 900 with the eleclrt>lyte solution 
91 0 is formed at the intersection of the grooves 912. 

The above-smiciured electiic energy storage device according Ui the present invention enables 
carrying out electrolyte charging by flowing the electrolyte into the housing through the 
charging hole 914 using the grooves 912 as an electrolyte drift path after the electrode bcKfy 
has been installed in the housing, 

rhe above-structured electric energy storage device according to the present invention 
enables expulsion of g3S generated when using the device through the charging hole 914. 
Fig. 1 1 A aiid Fig. I IB show an electric energy storage device in which the anode and 
cathode terminals are formed at the same lateral side(end) of the electrode body according to the 
present invention. 

Aw electric energy storage device according to the present invention enables fonnaiion of ajiodc 
and cathode terminals at the same lateral side of the electrode body. 

As shown in Fig. 1 1 A, a thread-like unevenness is formed at a lower imemal surface of a 
housing 922 which is contacted with a lower side oj'an electrode body 920. The electrode bo<l)' 
920 is installed in the housing 922. An anode terminal 924 as shown in Fig. 8A and Fig. SH is 
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connected to an upper part of the electrode body 920, Thus, a cathode temninal 926 is formed m 
ihc same direction as the anode terminal 924 on the housing 922. 

Referring (o Fig. lib, an anode terminal 930 ^nd a cathode terminal 932 are connected 
respectively by the terminal connection method of the present invention. Then, the cathode 
terminal 932 is placed at the same direction as the anode terminal 930 by connecting a lead wire 
934 to the cathode terminal 932, 

Fig. 12 shows serial connections of an electric energy storage device according in the prescjjt 
invention. 

Referring to Fig. 12, a serial connection is formed in which an anode terminal 940 of an 
electrode body is contacted with a cathode terminal 942 of an adjacent electrode body is 
respectively achieved by inserting a plurality of electrode bodies 944, to each ot which an 
anode terminal 940 and a cathode terminal 942 are connected, into a housing 946 in a line, hi 
this case, a reactive gas is expelled to Ihe outside of the eleciric energy storage device by 
installing ant i -explosive valves 948 between the contacting anode and cathode terminals 940 and 
942. 

In an electric energy storage device according to the present invention, an anode electrode anil a 
cathode electrode are stacked to have ofTset areas with predetermined margins and an insulating 
film is inserted between the anode and cathode electrodes. The stacked electrodes between 
which the insulating film is inserted are rolled up. Then, an anode terminal and a cathode 
terminal which have the same shape as the bottom/lop of the roll type electrodes iind have 
thread-like uncvennesses are mechanically connected to the top and bottom of the 
respective rolled electrode bodies by applying a predetermined force thereto. 
Accordingly, an electric energy storage device according to the present inventitin 

reduces the electric resistance between the electrodes and terminals by minimizing the current 

path in the clucimdes. 
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In addition, an electric energy storage device according to the present invention reduces the 
internal electric resistance effectively by increiising the contact areas betw^een the clecU'udes and 
terminals because of a plurality of the thread-like unevenness formed at the bottoms ol'ilic 
terminals. 

Further, an electric energy storage device according to the present invention reduces the 
contact resistance therebetween by contacting the anode and cathode terminals with u metal layer 
fonncd on ihc anode and cathode electrodes by metal spray. 

Further yei» an electric energy storage device according to the present invention avoids the 
malfunction of the device due to the separation between the electrodes and terminals by kecj)ini5 
the coniaci pressure between the terminals and the electrode body using a rubber packing 
inserted between the housing and the terminals. 

Moreover, an electric energy storage device according to the present invention 

improves the device etViciency by forming a charging hole and grooves at the anode and cathode 

terminals so as to provide easy and uniform electrol>te injection. 

Furthermore, an electric energy storage device according to the present Invention 

achieves a serial connection with easie by inserting a plurality of roll type electrode bodic.-* in a 

housing such that the anode electrodes are respectively contacted with the cathode electrodes by 

a single electrode inserted between the electrode bodies. 

It will be apparent to those skilled in the art that various modifications and variations can he 
made in an electric energy storage device of the present invention without departing from the 
spirit or scope of the inventions. Thus, it is intended that the present invention cover the 
modincalions and variations of this invention provided they come within the scope of the 
appended i:laims and equivalents. 
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ELECTRIC ENERGY STORAGE DEVICE 
BACKGROUND OF THE INVENTION 

FIELD OF INVENTION 

The present invention relates to an electric energy storage device, more particularly, lo a 
capacitor of which internal electric resistance between electrodes and their terminals is grcaily 
reduced by increasing the contact area between the electrodes and terminals using irregular 
interfaces. 

DISCUSSION OF REL-ATED ART 

^t^t^t^-*r4<.44crm*it l ■: Ice r I c.i^ i cncFgy lu- stored in an electric energy storage device. Attrl 
The storage device such as a battery, an t^^jKHmW^fr^- olccn ^^lMic c ondenser, a double-layered 
electric condenser or the like Mit»|-4it^s- ^iiM an external load with the stored electric 

energy for operation. When the stx)red electrical energy is applied by the electric energy atoragc 
device to ihe external load, the amount of the Mwfi<^e lectricid energy Mit^^ greatly 
depends on 4wiwv¥Hiht: internal resistance of thL- stoiuuc tl ».-\js:c> Fig. 1 A shows n l^it^ri^'s^-r^ vi^-sv 
M- ilu' Stacked electrodes ofan electric energy storage device such as acap^iciior acci>rding lo .t 
^^^jjhc i)i art, and Fig. IB shows h h i i\l\ vievN T^4-a cylindrical electric energy 
storage device Umncclby rolling the device in Fig, 1 A. fttt ^ihus illustrating h. ili the slacked 
and rolled electrodes. 

I 'ig. 2A shows cr4»t rfcr : v^?\t.? ' ^fiK \ v * o llhc- stacked electrodes ofan electric energ>* storage device 
having a plurality of terminals according to u rrika tf i - l ilai jirior art, and Fig. 2l\ shows a 
j^Hl'h-v+y^." -vKsw-t^M-a cylindrical electric energy storage device lornicd bv rolling the device in 
Fig, 2A. ^T^ iliiis i|lustratin«Lboili the stacked and rolled electrodes. 

Referring to Fig. 1 A, an electrode body 1 1 0 includes a film t>pe anode electrode 1 00. a fjlm type 
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cathode electrode 102, an anode lenninal 104 connected lo the anode elecimde 100, and a 
cail)ode terminal 106 connected to the cathode electrode 102. Amlr4wJIu; film type anode 
electrode 100 and the film type cathode electrode 102 are stacked and isolated Jijjm each other by 
an insulating film.(noi shown in the drawing). 

The anode and cathode electrodes 100 and 102 are formed >v4+4i-iii films to store 
e4t^.e4^^t^cicc ii iLal cncruv . The insulating layer inserted between the electrodes 1 00 and 1 02 
isolates the anode electrode 100 from the cathode electrode 102, The anode terminal 104 is 
connected to the anode electrode 1 00 by welding or riveting, and the cathode lenuinal 1 06 is also 
connected lo the cathode electrode 102 by the same method. 

Referring to l-ig. IB, a cylindrical electric energy storage device 1 10 is i^tt;.^-. >u n 
rollii^g up the electrode body 1 10 having the above structure. 

The anode and cathode terminals 104 and 106 attached to the anode and cathode electrodes 1 ()() 
and 102 protrude out of the electrode body 100 so as to transfer the electric energy to the 
externa I load. 

Another electric energy storage device having a pair of terminals connected U> a plurality of 
corresponding lead wires . as r^-'vUiLc the in(LM'[!;ii L'k'Liric t\.'>i:'>u u!cv.:j^.:!!. f .iicslJji!!: 
i^j iHin:^i-. :iiul ivhuivt.'K -lonsi ckyUuilcs . according tQrf4^^k^^^ ^hc priof art^ will be explained by 
refening to Figs. 2 A and Figs. 2B-?^ M t .i Ki i ud t joc^ i l iu l i tiu i i i i i l u l ocu'io rg. ' !.i; i tii in. tJvM n ji-rfrft*.-i 



Referring to Fig. 2 A, an electrode body 208 includes a film type anode electrode 200, a film (ype 
cathode electrode 202 slacked on the anode electrode 200, an insulating film(n(H .shown in the 
drawing) inserted between the anode and cathode electrodes 200 and 202, a first to a third lead 
wire 204a, 204b, and 204c connected to the anode electrode 2O0 by welding or riveting 
wtil^ai I oij u I i< I- i?wtjkttw-intervals-rttwf , and a first to a third cathode lead wire 206a, 206b, ajid 
2O64; connected to the cathode electrode 202 by welding or riveting w;4+r-cT»n-.hrfti ji k v^J m 
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ituervals-rtfvtrri-. Namely, the first to third anode and cathode lead wires 204a, 204b, 204c, 206a. 
206b> and 206c are separated from one another wrtk-aLpredctermined intervals itprM^t. 
A cylindrical electric energy storage device is provided by rolling up the electrode body 208 as 
shown in Fig. 2B. 

Referring to Fig. 2B, the first to third anode lead wires 204a, 204b» and 204c are coupled by 
welding tdl m i . n c ihcin kvjL'ilKir . Then, the welded first to third anode lead wires are 
connected to an anode terminal 210 by welding. 

The first lo third cathode lead wires 206a, 206b, and 206c are coupled by welding rt4-l-m 
rVThr iix-ni uittc-ilii*!' . Then, the welded first to ihird cathode lead wires are connecied Lu a 
cathode tenviinal 212 by welding. 

Therefore, the first to third anode and cathode lead wires 204a/204b/204c, and 206a/206b/2<)6c 
are connected to the anode and cathode tenminals 2 1 0 and 2 1 2, respectively. 
On the other hand, the first to third anode and cathode lead wires 204^^ 204b, 204c, 206a, 206b, 
and 206c can be connected to the ctHresponding terminals 210 and 212 respectively by rivet joinii 
as well. 

Kig. 3 shows i i h i rd'.vLi)o viuw of a regular polygon type eleciric energy storage tlevirtt- vk^ 
according to u rokitt - d ihc pi ioi- art. illustrating lis^terminal connections. 
Referring to Fig. 3, a plurality of rectangular film type anode electrodes 300 and caihodc 
electrodes 302 are stacked alternatively* and a plurality of insulating filmii(nol shown in the 
drawing) are inserted between die anode and cathode films 300 and 302, respectively, A pluralii, 
of anode and cathode lead wires 308 and 3 10 are termed by extending predeiennined ends oi ihc 
anode and cathode electrodes 300 and 302 so as to huddle up in different corners to be coupled 
with an anode temninai 304 and a cathode terminal respectively. Namely, ihe lead wires .>08 
and 3 10 to be connected to the corresponding terminals may be built in bodies of the electrodes 

.^00 ^nd 302. 

Marked-Up Specification - 3 - (00/840,034) 



Received from < 1 > at 7/7(03 7:19:19 PM [Eastern Daylight Time] 



Sent by: Konica Fax 9825 



1; 



07/07/03 7:27PM;#209; 



Page 



In the abovc*s m r uH ( r L' N s irnciured electric energy storage device, the anode aiid CiUhode leiid 
wires 308 and 3 10 of the anode and cathode eiecirodes 300 and 302 are connected to ibe anode 
and calhodc terminals 304 and 306 by welding or riveting. 

Methods of connecting a plurality of celts in an electric energy storage device by joioiing anndc 
imd/or cathode tenninals according to the related art will be explained as follows by referring U) 
fig. 4 and Fig. 5. 

Fig. 4 shows a schematic view of an electric energy storage device using a multi-cell method 
according to tt-i^cfrtmtjd'iiio prior art, and Fig. 5 shows a schematic view of an eleclric energy slorngc 
device using a bipolar method according to m l oluiod ilic prior art. 

Referring lo Fig- 4, anode and cathode terminals + and - of a plurality of electrode bodies 400- L 
400-2, 400-3,... in an electric energy storage device are connected in series using lead wires 402 
or plate type conductors 402. 

Referring to Fig, 5, anode electrodes 500 are separated from cathode electrodes 502 by insulating 
layers 504 so as to connect in series a plurality of slacked electrode bodies in ar^ olcclric energy 
slurugc device. 

Unfortunately, the electric energy storage device according to the i x ^\ iM ^ ^\ i2v\<^\: art. as .shown ii 
Fig. la and Fig. 1 b, when the anode and cathode electrodes are connected by welding or riveiing 
a single anode terminal and a single cathode terminal, fails to reducejU^ eleciricu,! 
resistance Lit ^ n ^^ mi e J between the electrodes and terminals because the resistance is proportiojial 
to Uic. length and inversely proportional to the contact area, 

A-titl-iKin the electric energy storage device according to the ru l a ( o< - t pnni art, as shown in I'ig. 
2a, Fig. 2b and Fig. 3, a plurality of lead wires are connected to the anode and cathode 
electmdes of the electrode body lo increase the contact area between the electrode body 
and the anode and cathode terminals by welding. yVrtt^^ke I he lead wires are again connccte<» 
lo the aotiile and cathode terminals by welding or riveting. 
Marked-lJp Specification - 4 - (09/840,034) 
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Thus, the electric energy storage device according to the r c^i iUed prior art may soinewhai 
reduce the eleclriCid resistance beiv/een the electrodes and lerniinals due to the reduced 
cicclrodc length of each terminal. Yet, the ft^tft^nt- prior art requires more complicated 
fabrication method, thereby decreasing productivity. 

Moreover, the electric energy storage device according to the ft^tH^anoLari has to 
connect the terminals to the lead wires one by one or stack the electrode boditss one on one 
with insulators therebetweenT when a plurality of storage cells are connected by the terminal 
connection mL-iiuKt of the Ft^tri^i u iir art.. 

SUMMARY OFTHH INVEN TION 
Accordingly, the present invention is directed to an eleciric energy storage device that 
substantially obviates one or more of the problems due to limitations and disadvantages of ti; 
trii mIllI art. 

The object of the present invention is to provide an electric energy storage device trHrrUlTH:-;- 
i^ri-^Hvc tfKii li cliiccs the internal electriciij resistance between electrodes and ihcir terminals by 
improving the connections between the electrode body comprising anode and cathode electrodes 
and f-lit^- jh.:if' rc■^pl-vti\^■' anode/cathode temninals. 

Another object of the present invention is to provide an electric energy storage device ul which 
serial connections between a plurality of storage cells is achieved with ease. 
Additional features and advantages of the invention will be set forth in the description which 
follows and in part will be apparent from the description, or may be learned by practice of the 
invention. The objectives and other advantages of the invention will be realized and attained by 
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the structure particularly pointed out in the written description and claims hcreul'as well as the 
appended drawings. 

To achieve these and other advantages and in accordance with the purpose of the present 
invention* as embodied and broadly described, the present invention, which is inserted in a 
housing charged with an electrolyte solution, includes at least one electrode b<K|y formed by 
rolling up an anode electrode, a first insulating film, a cathode electrode and a second insulnting 
film, wherein a firsl protrusion of the anode electrode protrudes from one end of the elecirode 
body and a second protrusion of the cathode electrode protrudes from the other end oft!;, 
electrode body and wherein the first insulating film isolates the anode electrode from the cathode 
electrode except the first and second protrusions, an anode terminal connected to the first 
protrusion of the anode electrode wherein a first contact-extending part is formed at a bottom o\' 
the anode terminal, and a cathode terminal connected to the second protrui^Ion of the cathode 
eicclrode wherein a second contact-extending part is formed at a bottom of the cathode tcnniniil. 
Preferably, the device fbrther includes a metal layer formed on surfaces of the first and second 
protrusions. 

Preferably, a pressure adjusting means Nuch as a rubber packing ts inserted between the houisin'^ 
and the anode and cathode terminals so as to maintain a predetermined constant pressure beiwucn 
the electrode body and the anode and cathode terminals. 

Preferably, inlets for injecting the electrolyte are formed at each center of the antxJc and calhodc 
terminals and wherein a plurality of grooves crossing each other are formed at the bottom 
surfaces of the anode and cathode temninals. 

It is to be understood that both the foregoing general description and the following detailed 
description are exemplary and explanatory and are intended to provide further explanation of tlio 
invention as claimed. 
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BRIEF DESCRIPTION OF THE AlTACHliD DRAWINGS 
The ticcompajiying drawings, which are included to provide a further undcrsuuidiiig oJ thc 
invention and are incorporated in and constitute a part of this application, illustrate einbodinaents 
of the inventing and together with the description serve to cxplgiin the principle ol the invention, i 
In Uie drawings: 

Fig. I A $howfi n hiulV eve \ ' \^\\ n lUie stacked electrodes of an electric enei^jy storage device 
-Such ai=; a capacitor according to a t vlak i il ihL' i>i u>r art; 

Fig. I B shows a WnxYu oyc view t > l a cylindrical electric energy storage device Iv^n Ll>>j. by 
rolling the device in Fig. l A l or il U i?ij< 'iu iti^-ihe-stot?^t^ttt^l^»i4t^^ 

Fig, 2A shows i t h i ut'H ovw s i ow oM w stacked electmdes of an electric energy storage device 
having a plurality of terminals according ti:) i t i Li l aiu l th^- pnoi ml; 

Fig. 2B shows a bird';. ; eye view ol' a cylindrical electric energy storage device ioLmcd by 

rolling the device m Fig. 2A'4<^kt:tHitftiiH^^^<^^*»^^ i \ *l k -< J ^jltioirodu; }. 

Fig. 3 shows ti t "4fd' !T ^ > yv.; s .i uvv of a regular polygon type electric ejiergy storage tlti^tr-jJLji k_\; 

accc^rding to u ioJuiod ihL- prior art I nr ii ln iT i i iKh j ?. ^ ^ l ormmul iA) t niL't:ti< >i K S 

Fig. 4 shows a schematic view of an electric energy storage device using a multi-cell method 

according to a related art; 

Fig. 5 shows a schematic view of an electric energy storage device using a bipolar methoil 
according to a \ \^ \ iMci\ i\ic pnt>r art; 

Fig. 6 shows a bi i -U' ! i ovo view ol ' tiu' -stacked electrodes in an electric energy storage 
de V tee according to the present invention; 

Fig. 7 shows a cylirKlricaJ electric energy storage device according to the present invention; 
I'ig. 8 A shows a bottoin vk vv of h-iIk- terminal in Fig. 7; 
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Fig. HB shows a lateral cross-section of tlie terminal in Fig. 8A; 

Fig. ^ shows a cross-sectional view of an electric energy storage device inserted in a housing 
according Ui the present invention; 

Fig. 1 0 shows a lower part of a terminal having an electrolyte drift path, in an electric energy 
storage device according to the preisent invention; 

Fig. 1 1 A and Fig. 1 1 B show an electric energy storage device t+f-jn. which teniiinals arc ibmictl 

Tth ju the same lateral side of an electrode body according lo the present invention; iuid 

Fig. 12 shows serial connections of an electric energy storage device according lo the present 

invention. 




Reference will now be made in detail to the preferred embodiments of the present invetition, 
examples of which are ilhistraxed in the accompanying drawings. 

Fig. 6 shows a iM t J'j i c>'e view ^ v^tlic- stacked electrodes in an electric energy storage 
device according to the present invention,_Fig. 7 shows a cylindrical electric energy .storage 
device according lo the present invention. Fig. 8A ishows a bottom view oftt- ttk termiiiai in 
}''ig. 7. and Fig, SB shows a lateral cross-section of the terminal in Fig. 8A. 
Referring to Fig. 6, an electrode body 610 includes a film type anode electrode 600, a first 
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insulating filn:i 602, a film type cathode electrode 604. and a second insulating film 606. In ihis 
case, the film type anode electrode 600, first insulating film 602, film type cathode electrode 604, 
and second insulating film 606 are n+l-stacked in wvtrt^-Mgr iluii orde r. I'rom [op to iH>u .»in. 
A t n | , i t> o j iu- anode electrode 600 and cathode electrode 604 are aligned to provide offset areas 
such that one end of the anode electrode 600 and the opposite end of the cathode elech txic 
604prolrude out of the electrode body 610. 

^fiii icK. iiu-. The reason w4^-ihe anode and cathode electrodes 600 and 604 are stacked to pitividc 
the offset areas is that an anode terminal 700 in Fig. 7 is to he contacted with one end of Iht: 
anode electrode 600 and that a cathode terminal 702 in Fig, 7 does i i}_,ut.lv.; v.mH^: 'v^l ^ 
the other end of the cathode electrode 604 in the electrode body 610, 

In this CTtrTTri.M nlH)i{iinutiu the first insulating film 602 is formed to isolate the anode cathode 
600 from the cathode electrode 604 when slacking the films, while the second insulating fUm 
606 is used for insulation between the anode and cathode electrodes 600 and 604 when rolling up 
the electrode body 6)0 to provide a roll type electrode body. 

Referring to Mg. 7, the electrode body 610 is rolled up to form a roll type electric energy storage 
device c>^'1fc1^p»^mjri-it^-) >H '^ v i ^io [>^•ov^diJ1^> high capacity. Then, an anode terminal 700 a cathode 
terminal 702 are connected to one end and the other end , rwispccti vclv . of the clecirctdc 
body 6 1 0 which is rolled , r ttii moci i v^'lv ui). In this case, the anode and cathode tcrminalii 
700 and 702 are placed over the respective ends and then pressed mechanically with a 
predetermined force so as to be connected to the electrode body 610. 

In this case, the predetermined one end of the electrode body 610 is the olTset area of the anoue 
electnide 600 protruding out of the electrode body 610 to be connected to the anode terminal 700. 
while the other end of the electrode body 6 10 is the other otTfeet area of the cathode electrode 
4u4<M protruding out of the electrode body 610 to be connected to the cathode terminal 7()2. 
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The anode and cathode terminals 700 and 702 contacted by the above-mentioned method will he 
explained in detail by referring to Fig. 8A and Fig. SB as follows. 

Referring to Fig. 8a, the anode terminal 800 has a shape of a circle o n ol tli ng tt^t^*^^L:.,\\ nii, 
the entire top surface of the predetermined one end of the cylindrically-rolled electrode body 1 0. 
AH4:-ii^Jlic bottom of the anode terminal 700 contacted with the anode electrode 600 hus im 
uneven surface having a shape of a plurality of screw threads. Thus, a vertical crosii-sectionut 
view of the anode terminal 700 is shown in Fig. 8b. 

Atni-iri^- t lu- cathode terminal 702 has the sajTte r i uiinj i) K i)jui'j.i.inuion the anode temainai 7(H). 
Thus, the bottoms of the anode and cathode terminals 700 and 702 of the electric energy storage 
device according to the present invention each have a plurality of t^t^*-thread-like 
unevennesscN. Therefore, the coniacl areas between the anode and cathode terminals 700 and 702 
and tlie anode and cathode electrodes 600 and 604 ^iie increased by i ^t he plurality ol'thc 
uncvennesscs enabling Hv4^^contact^ with the lateral sides of the offset areas of the rolled anode 
and cathode electrodes 600 and 604 even though the protruding ends of the electrode htuly 
610 n:i :-!lii fail to be rolled up uniformly. 

In Hh- t:'t»st- ilK' incsciu cinbv)dinicnL the anode and cathode terminals 700 and 702 may be m;Klc 
of the same mnterial r4itN the anode and cathode electrodes 600 and 604. Forw^HTtj^ c-xititipiv . ... 
iln- anode terminal and eh iiw^caihode terminal are made of Al and Cu respectively in a lilhiuin 
ion battery using an Al foil having a stable characlerjstic on m\ oxidizing potential as an anode 
electrode and a Cu foil having a stable characteristic on a reducing potential as a cathode 
electrode. 

In a Ni-H battery using nickel or stainless steel showing a stable characteristic in an electrolyio 

solution, anode and cathode terminals are made of nickel or stainless steeL 

i'ii--.itl^;-.l_Ui;ijji;,r, the aiiode and cathode terminals 700 and 702 may be made of Al, stainless sicct. 
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Ni, Cu or the like considering chemical stability, cost and the like. 

Moreover, in the electric energy storage device according to the present invention^ the anode inid 
cathode terminals 700 and 702 can be connected to metal layers formed by plasmw or arc spray 
4>n the terminal contact areas of the anode and cathode electrodes 600 and 604 ol'lhc electrode 
body 610 so as to reduce resistance by increasing the contact areas between the anode and 
cathode terminals 700 and 702 and electrodes 600 and 604. 

rhe electrode body 610 to which the terminals are connected by the above-described method is 
inserted inu> a housing, as shown in Fig. 9, thereby completing the electric energy storage device 
according to the present invention. 

Fig. 9 shows a cross-sectional view of an electric energy storage device inserted in a housing 
according to llie present invention. 

Referring to Fig. 9, an electrode body 906 to which the above-mentioned anode and cathode 
terminals 902 and 904 are connected is installed in a housing 900 made of mctaK molding rcsiij 
or the like. A pressure adjusting means 90S is placed between the housing 900 and ihe anode and 
cathode terminals 902 and 904» thereby buffering the pressure applied to the electrode body 906 
due 10 the anode and cathode terminals 902 and 904. In this case, the pressure adjusting mejins 
908 may be made of an elastic rubber packing. And, the housing 900 is charged with an 
electrolyte solution 910. 

When a liquid electrolyte solution 91 0 is used for the electric energy storage device, gases nuiy 
be produced during operation, Anii, ihu? i li..- contact pressure between the electrode body 906 and 
the anode imd/or cathode terminals 902 and/or 904 may vary Iw^ht^ -bcc^iusc oi housing 
expansion due to the increased temperature of the device itself or iiK> a <i >U t e tH-r:iMijj.is-.ilt 

Moreover, the contact resistance between the electrode body 906 and the anode 
and/or cathode terminals 902 and/or 904 may vary due to long-term use. 
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Therefore, Ihe above-structured electric energy storing means onahlt ii ii> l^vu the 
contact pressure stable between tlie electrode body 906 and the anode or cathode terminal *)02 
or 906 because the elasticity of the rubber packin g :ict.s as 4tt^iipressure adjusting means ^OX 
1 .1 reduccrf the expansive force. 

Fig. 1 0 shows tMhe bottom of a terminal liaving an electrolyte dri ft path in an electric energy 
storage device according to the present inventioa 

Referring to Fig, 10, a pair of cross type grooves 912 are formed on a-iUc boliom of a 
terminal liaving an electrolyte drift path in an electric energy storage device. 
-^^liLiiildiUi^li* a charging hole 914 Jbr charging the housing 900 with the electrolyte 
solution 9 1 0 is formed at the ami f l i Ct Tfit^ inicj:sv, x:lJo n of th^ grooves 912, 
llie above-structured electric energy ssiorage device according to the present inventioji enables • 
carryimi out electrolyte charging by flowing the electrolyte into the housing through the 
charging hole 9 1 4 using the grooves 9 12 as an eleciroiyie drift path after the electrode btjJy 
has been installed in the housing. 

rW+tir-fhtriiu; abovc-structuf cd electric energy storage device according to the present 
invention enables i n o.s j iol {I r o cxtnilsiuii i>i gas generated when using the device through llie 
charging hole 914, 

Fig. 1 1 A and Fig, 1 1 B show an electric energy storage device t^irtwhich Uic anode and 
cathode lemiinals are formed at the same lateral side(*i?nd) of HH-iij^\electrode body according to 
the present invention. 

An electric energy storage device according to the pnisent invention enables fv<4ittrt H.»nn;uj<>;. 
oi ajiode and cathode terminals at the same lateral side of Hhnlik; elecu-ode body. 
As shown in Fig. 1 1 A, a thread-like unevenness is formed at a lower internid surface nl'a 
housing 922 which is contacted with a lower side of an electrode body 920. The electrode body 

020 id inr^mllcU in tlic houshig 922. An aiiudc; icnuiiiid 924 as shown in )Mg. 8 A and Mg. J 
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connected to an upper part of the electrode body 920. Thus, a cathode terminal 926 is formed ai 
the same direction t4^as the anode terminal 924 on the housing 922. 

Referring to Tig. 1 lb, an anode terminal 930 and a cathode terminal 932 are connecioti 
respectively by the terminal connection method of the present invention. Then, the cathode 
terminal 932 is placed at the same direction t4-;i> the anode terminal 930 by connecting a lead 
wire 934 to the cathode terminal 932. 

1' ig. 1 2 shows serial connections of an electric energy storage device according lo the preseiu 
invenlion. 

Reicrring lo Fig. 12, a serial connection fkrH -i.s lonned in vvhich an anode temunal 940 o{ 
an electrode body is contacted with a cathode terminal 942 of an adjacent electrode body i.s 
respectively achieved by inserting a plurality of electrode bodies 944, to each of which an 
anode terminal 940 and a cathode terminal 942 are connected, into a housing 946 in a lijii-. 1ji 
ihiN case, a reactive gas is expelled lo the outside of the electric energy storage device by 
installing anti-explosive valves 948 between the contacting anode and cathode terminals 940 and 
942. 

In an eleciric energy storage device according to the present invention, an anode electrode and a 
cathode electrode are stacked to have offset areas with predetermined margins and an insulaling 
film is inserted between the anode and cathode electrodes. And, t l ^o- Tlic stacked electrodes 
between which the insulating film is inserted ^;u e rolled up. Then, an anode terminal and a 
cathode terminal which have the same shape kii^ ixs ih e bottom/top of the roll type electrodes 
and have +4te-thrcad-like unevennesso arc mechanically connected to h-iIk top and boilon' 
of Ihe frs]]L-ciivo r olled electrode In^hi tJics rc . i i f ' Couvi.l; r-by applying a predetermined force 
thereto. 

Accordingly, an electric energy storage device according to the present inventit)n r^ttK^^ n • 

rtiduccL' tile islcsciric rcHisi^nce bttiween the electrodes and terminals by mmimizin^ o iIk clutomi 
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paih in the electrodes. 

^Wi n ^utdi iuin, 4n electric energy storage device according to the present invention cnnMi w^ 
reduce^; the internal electric resistance effectively by increasing the contact areus between ilic 
electrodes and terminals because of a plurality of the thread-like unevenness formed at ihc 
bottoms of the terminals. 

tW-I jj.:ilici , an electric energy storage device according to the present invention tM u tbU v i 
reduces the contact resistance therebetween by contacting the anode and cathode tenninals with u 
metal layer ionned on the anode and cathode electrodes by metal spray. 

uiiiu-i an electric energy storage device according lo the present invention trW^f^-r- 
avoidN the malfunction of the device due to the separation between the electrodes and terminals 
by keeping the contact pressure between the terminals and the electrode body >+HTH*- uMfi:^a 
rubber packing inserted between the housing and the terminals. 

Moreover, an electric energy storage device according to the present invention etuti*i-s w> 
improve^ tlic device efficiency by forming a charging hole and grooves at the anode and cathode 
terminals so as to provide easy and uniform electrolyte injection. 

Furthermore, an electric energy storage device according to the present invention rrrhrtl^^r-. t 
achieves a serial connection with ease by inserting a plurality of roll type electrt^Je bodies in a 
housing such that the anode electrodes are respectively contacted with the cathode electrodes by 
a single electrode inserted between the electrode bodies. 

IL will be apparent to those skilled in the art that various modifications and variations can Ix- 
made in an electric energy storage device of the present invention without departing from ihc 
spirit or scope of the inventions. Thus, it is intended that the present invention cover the 
modifications and variations of this invention provided they come within the scope ofihe 
appended claims and equivalents. 
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FIG. 1A 




FIG. IB 
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FIG. 2A 




FIG. 28 
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FIG. 3 
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FIG. 4 (^pa\<a. 
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FIG. 5 
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